Background: Accurate knowledge of location and relation with different parameters of the greater palatine foramen (GPF) is a crucial necessity in performing
INTRODUCTION
Hard and soft palate innervation is supplied by greater and lesser palatine nerves. Those nerves approach related area inside the canals known by same as their name and reaches to roof of oral cavity via greater palatine foramen (GPF) and lesser palatine foramen (LPF).
Anaesthetic block of greater palatine nerve was firstly described in 1927 [24] and recommended for surgical practices involving upper molars, maxillary sinus and nasal region. However, common problem reported for this application is being not easy to determine exact location of greater and lesser palatine foramens so giving insufficient anaesthesia solution [8] . Previous research indicates that success for palatal anaesthesia only possible with the correct identification of greater palatine nerves location [8] .
In addition to the distress associated with the emerging location of greater palatine nerve in palate, possible problems can be experienced where greater palatine arteries emergence is important such as free vascular flap, cleft palate or maxillary sinus surgery [8, 9, 18] . On the other hand; the detailed clinical anat-omy knowledge of greater palatine nerve could be beneficial for research related with craniofacial growth [30] . Yet, the developmental distances of maxillary molars and premolars are obtained by the development process of the transverse palatine suture [14] .
Tomaszewska et al. [34] state that, general description resides in classical anatomy lecture books about the location of greater palatine nerve; however, there is not always a consensus on this information. For example, previous researches reported different information as lateral border of posterolateral margin [11] , medial to last molar teeth [23] or in front of last molar teeth [27] . In addition, anaesthesia books state the location little more detailed but variable as in front of second maxillary molar teeth [31] , third maxillary molar teeth or anywhere close to second and third molars [32] .
It is obvious that many researchers evaluated the location of GPF for surgical approaches planned to be performed at palatal area. Besides, it is suggested that location and number of this foramen could differ because of the difference among the ethnic groups. Studies revealed variable results in Mongolian [2, 3] , Caucasians [1] and African population [15] . In our population, except a few studies about the location of GPF, information and comparison of the location, number, ethnicity and gender is missing [7, 10, 28] .
In this respect, the aim of this study is to determine the location of GPF evaluate its shape, number and distribution across genders and observe relation with palatal index. Then, the data obtained will be compared with different populational results.
It is believed obtained results would have great contribution for clinical success in maxillofacial and oral surgeries regional anaesthesia and establish a basic index for antropomorphological studies.
MATERIALS AND METHODS

Skull collections
This study was conducted on sexed, intact, without developmental malformations, 97 dry craniums belong to Turkish population. Cranium collections of different medical and dentistry faculties in Turkey were used upon their permission.
Measurements
Digital calliper (Altas 905, 150 mm), were used for measurements. Palates were photographed in multiple views for multiple times (LUMIX Panasonic DMC-T25). Each parameter was measured double blinded and in case of different value, average recorded. The parameters below were chosen in light of previous research as clear and exact locations, and direct measurements were done (Fig. 1 ).
Parameters were: -calculation of palatal index (PI) and classification of palatal shape; -distance of GPF to closest maxillary molar (MM); -distance of GPF to sagittal plane (SP); -distance of GPF to posterior nasal spine (PNS); -distance of GPF to incisive foramen (IF); -shape and number of GPF bilaterally; -number of LPF bilaterally.
Palatal index is the ratio of palatal breadth to palatal length (Fig. 2) . Types of palate are classified according to the formula given below:
Palatal index (PI) x = (palatal breadth) / (palatal length) × 100
Palates were classified as leptostaphyline for (x < 80), mesostaphyline for (80 ≤ x < 85), and brachystaphyline for (85 ≤ x) the obtained rational value.
Statistical analysis
Fitness of our right and left GPF measurements to normal distribution was analysed by the Shapiro-Wilk test. As the measurements were distributed normally, they were expressed as values of average ± standard deviation (AVG ± SD) and minimum-maximum (minmax). Categorical variables such as sex and type of palate were shown numerically (percentage).
An unpaired t test was used analyse the variance of right and left GPF measurements by sex, and a one- -way ANOVA test was used to analyse their variance by palate type. As regards types of palate, variance of the variables were homogenous and therefore ANOVA F-test statistics were conducted, and paired comparisons of the variables involving statistically significant variance were made with the Tukey test. A c 2 analysis was applied to examine the distribution of types of palate by sex, and the distribution of right and left GPF shapes by types of palate, and the Pearson's c 2 value was given. The distribution of the number of right and left lesser palatine foramina by sex and type of palate, and the distribution of the closest maxillary molar at right and left were expressed. No c 2 analysis was made due to the insufficient number in cells. The values of all the individuals in the study whose GPF and LPF numbers were measurable were found to be 1. These values were not included in statistical analyses as there was no variance in GPF and LPF numbers. The statistical significance level was taken as p < 0.05. 
RESULTS
The palatal index for the 43 male and 54 female adults who were included in the study, and the distributions of the values observed in the right and left GPF measurements are given in Table 1 . Accordingly, the average PI of the 38 measurable adult males was 86.28 ± 10.75, whereas the PI of the 48 measurable adult females was calculated to be 81.06 ± 10.56. It was found that the PI values of adult male were statistically significantly higher than those of adult female (t = 2.260, p = 0.026).
The individuals in the study were grouped according to PI as leptostaphyline, mesostaphyline or brachystaphyline. As for the distribution of these types of palate by sex, the brachystaphyline type was observed in 50.0% (n = 19) of males, and the leptostaphyline type palate was observed in 43.8% (n = 21) of females. No difference was observed in the distribution of palate types by sex (c 2 = 3.964, p = 0.138).
The distribution of the closest maxillary molar at right side by sex and type of palate was determined accordingly that the third molar was the closest MM at right in 49.0% (n = 26) and 62.7% (n = 27) of females and males, respectively. It was found that the rate of those for whom third molar was the closest MM at right was the highest among all palate types (leptostaphyline: 53.1%, mesostaphyline: 65.0%, brachystaphyline: 48.4%).
As for the distribution of the closest MM at left side by sex and type of palate, the number of those whose third molar was the closest MM at left was calculated to be 47.1% (n = 25) and 60.9% (n = 25) for females and males, respectively. Among those with the mesostaphyline type of palate, no one had the second molar as the closest MM at left.
At right, the distance of GPF to the posterior nasal spine was measured to be 15.84 ± 2.05 mm (n = 38) in males and 14.91 ± 1.93 (n = 47) mm in females, averaging to 15.33 ± 2.02 mm (n = 85). And at the left side, the values obtained were 16.18 ± 1.80 mm (n = 38) for males and 15.16 ± 1.82 mm (n = 48) for females, averaging to 15.66 ± 1.87 mm (n = 86).
Distance to incisive foramen from GPF, at the right side found 38.27 ± 3.61 (n = 43) in males and 35.99 ± 3.11 (n = 53) in females, with an average total of 37.01 ± 3.51 (n = 96). And the left side values were 38.54 ± 4.17 (n = 42) for males and 36.81 ± 3.06 (n = 54), with the average 37.57 ± 3.67 (n = 96).
As for distance to sagittal plane, at the right side found 14.99 ± 2.45 (n = 39) in males and 14.35 ± ± 1.95 (n = 47) in females, with an average total of 14.64 ± 2.20 (n = 86). And the left side values were 15.07 ± 2.39 (n = 38) for males and 14.47 ± 2.06 (n = 47), with the average 14.74 ± 2.22 (n = 86).
Except for one case in our study, the number of GPF was found to be one each at two sides. In the exceptional case, no GPF was found at the right side (Fig. 3) .
Our data demonstrated 64.94% oval/round shape and an antero-posterior extension. A comparison according to sex and types of palate showed that the shape of GPF was oval in 62.8% (n = 27) of males, and round and 34.0% (n = 18) of females at right. No statistically significant difference was found in the distribution of the right GPF shape by sex. As for the left side, GPF's shape was oval in 61.0% (n = 25) of males and 66.0% (n = 35) of females. No statistically significant difference was determined in the distribution of the left GPF shape by sex.
Lesser palatine foramen associated with sex and type of palate, and one left-side LPF was found in 40.5% (n = 17) of males and 63.0% (n = 34) of females. In adults with the leptostaphyline type of palate, two left-side LPF was observed at the most. In a great majority of the cases, one LPF was found regardless of sex and type of palate. 
DISCUSSION
Classical anatomy and surgery books provide some general information about the localisation of GPF. Some problems with surgical interventions at this region were reported due to the lack of detailed information about some parameters [20, 25, 33] .
In recent years, studies were carried out attracting attention to the fact that GPF's localisation is a clinically important anatomic point [25, 33] . The possibility of stimulating the pterygopalatine ganglion through GPF also resulted in getting more attention [16, 26, 34] . It was reported upon these developments that GPF could be utilised for alleviating the effects of paralysis in paralytic patients, and also for patient interventions in the cases of cerebral vasospasms or cluster and migraine headaches [26] .
In the current study, the subjects were also classified according to their palate types. The participants were grouped as leptostaphyline (narrow), mesostaphyline (medium) and brachystaphyline (wide) according to their PI. In previous palatal morphometry studies carried out in Turkey, no distinction was made according to sex. In Turkey, Gözil et al. [13] identified 58.1% leptostaphyline, 17.4% mesostaphyline and 24.4% brachystaphyline with an average value of 77.94 ± 9.54. In Kenya, Hassanali and Mwaniki [15] found 43.2% leptostaphyline, 23.7% mesostaphyline, and 33.1% brachystaphyline with an average value of 82.0 ± 7.84. In India, Dave et al. [6] found the leptostaphyline type of palate in 61.5% of females and 63.3% of males, the mesostaphyline type in 30.8% of females and 20.0% of males, and the brachystaphyline type in 7.7% of females and 16.7% of males (Table 2 ). Dave's findings demonstrated 63% leptostaphyline in the evaluation of all crania. In our study, the general PI was 83.37 ± 10.90 (n = 86). The average PI of the 38 measurable adult males was 86.28 ± 10.75, whereas the PI of the 48 measurable adult females was calculated to be 81.06 ± 10.56. As for the distribution of these palate types by sex, the brachystaphyline type was observed in 50.0% (n = 19) of males, and the leptostaphyline type palate was observed in 43.8% (n = 21) of females. In their respective studies, Hassanali and Mwaniki [15] , Gözil et al. [13] and Dave et al. [6] found a great majority of their cases to belong to the leptostaphyline palate group. In our study, however, this only applied to female crania. A majority of male crania were in the brachystaphyline palate group. As a result, the palatal indexes of males were found to be significantly higher than those of females. We are of the opinion that the difference of measurement method might account for the index difference with other researchers. Hassanali and Mwaniki [15] and Gözil et al. [13] measured palatal length from the oral point, which corresponds to the centre of the line that connects the posterior margins of the alveoli of maxillary central incisors, from the staphylon point, which corresponds to the centre of the line that connects the foremost points of the posterior margins of both sides of the hard palate. In the current study, which used Dave's method, the length from the oral point to the posterior nasal spine was measured.
The literature on the subject shows no consensus on whether the location of GPF is influenced by ethnic differences. Wang et al. [35] supported the idea of ethnic effects, while Jaffar and Hamadah rejected this theory. Although homogeneous results were obtained in the studies carried out in Europe, significant variations were found by Indian researchers in their studies that were made on the same population group [5, 6, 19, 29] . This suggests that broad anatomic variations can occur even in the same population group, and a comparison of various studies is presented in Table 3 . We had no opportunity for making a comparison for Turkey due to the lack of elaborate studies on the subject matter. In the current study, a bilateral approach was taken to the question of whether there is a little relationship between sex and type of palate and localisation. No sex-based difference was determined according to the results. Tomaszewska et al. [34] , drew attention to the fact that there were significant differences between females and males and the measurements relating to GPF, and stated that this could be utilised even in forensic medicine applications. Our findings, however, do not support this theory as we determined it to be generally aligned with the third molar across the population regardless of sex or type of palate. A comparison of the studies previously performed on the localisation of GPF is given in Table 3 .
We also evaluated metric values for positioning GPF as distance to sagittal plane, posterior nasal spine and incisive foramen. Gibelli et al. [12] showed all these values were significantly influenced by sex at their study conducted on Italian crania. Our results for distance to sagittal plane did not show any statistically significant difference according to sex, side or palate type. However, our other two values were statistically significant according to sex and side. All measurements Gibelli et al. [12] ; indicated were slightly higher than our results which could be a possible result of palate type. However, they did not [20] . Generally, GPF is considered as symmetrical at each side at least one. The literature includes one study which reports a bilateral lack of both GPF and LPF [33] . In our study, only at one sample, both GPF and LPF were lacking at right, whereas only LPF were lacking at left (Fig. 3) . Variance of the number of LPF bilaterally regardless of palate type and sex was parallel with other studies [15, 33] .
Greater palatine foramen showed variability in terms of shape and size. In some cases, its diameter was less than 1 mm, close to LPF in size, while it was observed to be rather large in some other cases. As for shape, studies reported that it could be round or an oval structure with its longitudinal axis extending antero-posteriorly [15, 21] . Previous studies carried out on different populations reported it to often possess an oval shape with an antero-posterior extension. Our data demonstrated these results are paralleled by our findings.
CONCLUSIONS
Greater palatine foramen might appear like an anatomic obstruction in all the interventions involving a maxillary division blockage of the trigeminal nerve especially in oral and maxillofacial surgery. We carried out this study on Turkish population in the belief that an understanding of GPF-related variations and assessment with different parameters would benefit clinicians in this sense. Regardless of sex and type of palate, GPF mostly had an oval shape and aligned with the third molar, and one each GPF changing in size was observed bilaterally in all the crania measured except for one. We hope that the data we obtained will provide also an index for future anthropological studies.
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